Background-Delays in follow-up after breast cancer screening contribute to disparities in breast cancer outcomes. The objective of this research was to determine the impact of race/ ethnicity and health insurance on diagnostic time, defined as number of days from suspicious finding to diagnostic resolution.
INTRODUCTION
Delays in follow-up after breast cancer screening may contribute to disparities in breast cancer outcomes. This present study examines follow-up delays among a sample of women in the District of Columbia (DC), a metropolitan area known to have high mortality from breast cancer compared to national rates. Increased screenings and advances in treatment have had a significant impact in reducing mortality rates of black women living in DC from 49.8 (per 100,000) in 1995 to 31.5 (per 100,000) in 2005. 1 Despite these improvements, disparities between population groups persist. In 2005, mortality rates from breast cancer among white women (20.7 per 100,000) remained markedly lower than those of their local black counterparts. 1 In 2001, a publicly funded safety-net insurance program for low-income DC residents was implemented and has helped to lower the number of uninsured (9% compared to 15% nationally); however, among these uninsured individuals, the burden falls disproportionately on blacks (56%) and Hispanics (23%). 2 , 3 These statistics led to an examination of the effects of race, ethnicity and health insurance status on a sample of women with suspicious breast findings from DC. These women represent the controls from a patient navigation intervention study designed to potentially reduce diagnostic delays. The primary objective of this study was to determine the impact of race, ethnicity and health insurance on diagnostic time, defined as the number of days from a suspicious finding to diagnostic resolution.
This study began with the primary hypothesis that patients with health insurance would have a shorter diagnostic time than patients without health insurance. Furthermore, it was posited that every insured patient would receive the same timely diagnosis as any other patient with equivalent insurance, regardless of her race or ethnicity. Exploring these hypotheses will give medical professionals a better understanding of the relationships between race, ethnicity, health insurance and diagnostic delay in breast cancer patients.
Under the hypothesis that health insurance is the primary barrier to a timely diagnosis, differences in time to diagnosis should be negligible between the various race and ethnicity groups with equivalent health insurance. Therefore, significant differences in diagnostic times would imply that additional barriers exist. Acknowledging the existence of additional barriers is the first step toward eliminating them.
Hospital Center's Center for Breast Health, Unity Health Care, Inc., and the George Washington University Mammovan (an outreach program focusing on underserved women in DC). These facilities service the vast majority of the poor and underserved community in DC. Homogeneity was assumed across facilities in the sense that every patient had an equal opportunity to receive a timely diagnosis. The majority of the suspicious findings were detected between 2007 and 2009-26% in 2007, 38% in 2008, and 25% in 2009.
The women in this study represent the records-based control group for a larger study of the effectiveness of patient navigation, The DC Citywide Patient Navigation Research Program. 4 All of these women had a suspicious breast abnormality, but they did not receive the main study's intervention, patient navigation, due to timing and logistical constraints. The selection of the controls was developed in an attempt to match as closely as possible the demographics of the women being navigated. For example, sites visited by the GWU Mammovan were chosen to match the proportion of Hispanic and African-American women seen at the Capital Breast Care Center and the Washington Hospital Center Preventorium, which try to navigate all women and did not provide any controls. Navigated cancer patients who did not have controls selected at the site were matched by time of first detected abnormality, race and ethnicity in the George Washington University Cancer Registry. The control women in this study were identified over a 12-year period from 1998-2010 to ascertain the time between suspicious finding and diagnostic resolution in relation to the effects of race/ethnicity and type of health insurance.
Suspicious finding was defined as any breast abnormality identified by a clinician during the physical exam, mammography, or ultrasound. Diagnostic resolution represents the definitive diagnosis for that patient (i.e., the result obtained after diagnostic studies were completed in order to resolve a suspicious finding). The results were primarily either (i) no evidence of malignancy on diagnostic mammogram or (ii) definitive diagnosis by biopsy (benign or malignant).
Since control subjects were never directly contacted and only de-identified data was obtained, informed consent was waived for this group.
The goal of this study was to identify the effect of race, ethnicity, and health insurance on diagnostic time (defined as the number of days from suspicious finding to diagnostic resolution). The primary dependent variable of interest was diagnostic time, reported as a continuous variable in days. The independent variables of interest included race/ethnicity (non-Hispanic white [NHW], non-Hispanic black [NHB], Hispanic) and type of insurance coverage (private, government, none). Government insurance included federal (Medicaid and Medicare) and the DC government safety-net insurance "Alliance". If a woman had both private and government insurance, then she was assigned to the private insurance group. For race/ethnicity, the analysis was restricted to NHW, NHB, and Hispanic because the numbers in the "other" race/ethnicity groups were too small to provide reliable estimates, e.g., Asian (47), Native Hawaiian/Pacific Islander (5) , and American Indian/ Alaska Native (5) .
All patient data were abstracted from medical records and de-identified before being entered into a central database. Data were abstracted to match the race/ethnicity of navigated patients as they were enrolled. All abstracted records were reviewed by a physician with many years of experience in oncology and pathology. If there were any potential inconsistencies or irregularities, the physician reviewed the original medical record. The exclusion criteria included: women under the age of 18, history of prior cancer within the previous 5 years, and current treatment for cancer except for non-melanoma skin cancer or CIN. Data on marital status, employment, education, income, and primary language were not usually provided in the medical records.
For 427 women seen by the GWU Mammovan, race and ethnicity were imputed based on the demographics of the screening sites, which were predominantly African-American, Hispanic, and Asian churches known to be homogeneous with regard to race and ethnicity. Imputation was applied only for those women seen by the GWU Mammovan. The imputed values were selected with a high degree of confidence based on the specific location of the GWU Mammovan on the date of initial abnormal screening, either an African-American, Hispanic, or Asian church.
Examination of log-log survival curves and goodness-of-fit tests revealed that the proportional hazards assumption was not satisfied. Therefore, Cox proportional hazards regression was not appropriate for the data in this study. Alternatively, one-way and factorial ANOVA models were used to examine the relationships between diagnostic time and the independent variables race/ethnicity and type of health insurance either individually or collectively. Age was considered as a potential confounder in the multivariable analysis. Log transformations were taken on non-normal data to satisfy model assumptions. Residual plots showed that the log-transformed data satisfied the assumptions of normality and homogeneous variance, supporting the use of the log-transformed data. The Tukey-Kramer method was used for p-value adjustment in performing multiple comparisons. Importantly, the Centers for Disease Control and Prevention (CDC) established a set guideline stating "the date of final diagnosis must not exceed 60 days from the date of abnormal mammogram". 5 The odds of having a diagnostic delay greater than 60 days for the racial/ethnic and insurance groups were examined by categorizing diagnostic time into two groups (≤60 and >60 days) and fitting simple and multiple logistic regression models.
All statistical tests were two-sided, and the level of significance was set at 0.05. All statistical analyses were performed using SAS® software, Version 9.1 (SAS Institute, Cary, NC).
RESULTS
The sample in this study consisted of 1538 women ranging in age from 23 to 93 years (median=51). Descriptive statistics are provided in Table 1 . Diagnostic time was missing for 1 NHW woman with private insurance and 1 NHB woman with unknown insurance. Diagnostic times of 0 were replaced with 0.01 in calculating geometric means. While only 5% of NHWs and 8% of NHBs were known to be uninsured, 67% of Hispanics were known to be uninsured.
Histograms and QQ plots revealed that diagnostic time was positively skewed. Logtransformations were taken to normalize the data, and the transformed variable was used in the following ANOVA models.
A one-way ANOVA model on race/ethnicity revealed significant differences in diagnostic times between the three race/ethnicity groups-excluding women of 'other' or unknown race/ethnicity (p<0.0001). Results are summarized in Table 1 . Without controlling for any other factors, NHWs had significantly shorter diagnostic times than NHBs (p<0.0001) and Hispanics (p<0.0001), and NHBs had significantly shorter diagnostic times than Hispanics (p<0.0001). NHWs, NHBs, and Hispanics had average diagnostic times of approximately one-half of a month, one month, and two months, respectively.
Similarly, a one-way ANOVA model on type of insurance coverage revealed significant differences in diagnostic times between women with private, government, or no insuranceexcluding women with unknown type of insurance (p<0.0001). Results are summarized in Table 1 . Uninsured women had significantly longer diagnostic times than women with private (p<0.0001) or government insurance (p<0.0001), and women with government insurance had significantly longer diagnostic times than women with private insurance (p=0.009). While privately insured women had an average diagnostic time <1 month and women with government insurance had an average diagnostic time >1 month, uninsured women had an average diagnostic time of >2 months, revealing that uninsured women had to wait twice as long as insured women for a diagnostic resolution following suspicious finding. Fig. 1 displays the results of the full-factorial ANOVA model (p<0.0001) using race/ ethnicity, type of insurance, and the significant interaction between race/ethnicity and type of insurance (p=0.04) as independent variables. Age was not a significant covariate (p=0.89). Moreover, the inclusion of age in the model did not result in meaningfully different interpretations of the relationship between diagnostic time and race/ethnicity and type of insurance nor did it contribute any additional information to the final conclusions reached. Therefore, age was removed from the final model.
From the full-factorial ANOVA model and the Tukey-Kramer method for p-value adjustment in performing multiple comparisons, NHWs with government insurance had significantly shorter diagnostic times than both NHBs (p=0.0003) and Hispanics (p<0.0001) with government insurance. While NHWs with government insurance had an average diagnostic time of only 12 days, NHBs with government insurance had an average diagnostic time of about 39 days and Hispanics with government insurance had an average diagnostic time of about 70 days.
Also, privately insured NHWs had significantly shorter diagnostic times than both privately insured NHBs (p=0.03) and Hispanics (p<0.0001). While privately insured NHWs had an average diagnostic time of only 16 days, privately insured NHBs had an average diagnostic time of about 27 days and privately insured Hispanics had an average diagnostic time of about 51 days.
Finally, privately insured NHBs had significantly shorter diagnostic times than uninsured NHBs (p=0.03). While privately insured NHBs had an average diagnostic time of only 27 days, uninsured NHBs had an average diagnostic time of about 60 days.
The Kaplan-Meier curves presented in Fig. 2 visually describe the various distributions of diagnostic time among the racial/ethnic and insurance groups. Fig. 2a shows that 79% of NHWs, 68% of NHBs, and only 47% of Hispanics were diagnosed within 60 days. Interestingly, while 61% of NHWs and 40% of NHBs were diagnosed within 30 days, only 8% of Hispanics were diagnosed so quickly. Fig. 2b reveals that 73% of privately insured, 66% of government insured, and 44% of uninsured women were diagnosed within 60 days. Differences are more pronounced at the 30-day cutoff, at which point only 6% of uninsured have been diagnosed, whereas 43% of privately insured and 35% of government insured women have been diagnosed. As shown in Fig. 2c , privately insured NHBs were diagnosed much faster than uninsured NHBs. Overall, 62% of the women were diagnosed within 60 days, whereas only 30% were diagnosed within 30 days.
Considering the CDC's 60-day guideline, odds of having a diagnostic delay greater than 60 days were examined in a multiple logistic regression model (p<0.0001) with the dichotomous form of diagnostic time as the response and race/ethnicity (p=0.0001) and type of insurance (p=0.0009) as independent variables. A 30-day cutoff was modeled for comparison. Age (60-day p=0.16; 30-day p=0.35) and the two-way interaction between race/ ethnicity and type of insurance (60-day p=0.22; 30-day p=0.30) were not significant in either of the models. Results are summarized in Table 2 .
The odds of having diagnostic delays >60 days were almost 3 times more for Hispanics than for NHWs, after controlling for type of insurance. Similarly, the odds for NHBs were 1.6 times more than the odds for NHWs, after controlling for type of insurance. Moreover, uninsured women had twice the odds of privately insured women, after controlling for race/ ethnicity. Interestingly, while the odds of having diagnostic delays >30 days for NHBs were twice the odds for NHWs, the odds for Hispanics were >7 times the odds for NHWs, after controlling for type of insurance. Also, the odds of having diagnostic delays >30 days for government insured women were about 1.4 times more than the odds for privately insured women, while uninsured women had >6 times the odds of privately insured women, after controlling for race/ethnicity.
DISCUSSION
In this study, privately insured NHBs had significantly shorter diagnostic times than uninsured NHBs; however, privately insured NHBs and Hispanics had significantly longer times to diagnostic resolution than privately insured NHWs. Among government insured women, both NHBs and Hispanics had significantly longer diagnostic times than NHWs.
Since there were only eight uninsured NHWs in this sample, it was difficult to assess the impact of no insurance on NHWs.
Another limitation of this study is that race and ethnicity had to be imputed for 427 women seen by the GWU Mammovan. As stated previously, the imputed values were selected with a high degree of confidence based on specific locations of the GWU Mammovan on the date of initial abnormal screening, which were primarily African-American, Hispanic, and Asian churches. While these sites were known to be almost exclusively African-American, Hispanic, or Asian, it is possible that a few subjects may have been misclassified with respect to race/ethnicity.
In addition, insurance status may have changed for a small number of patients during the interval being assessed. Also, medical records were relied on to assess variables and outcomes. Data on socioeconomic status or psychosocial variables were not available for inclusion in the study model that might have enhanced understanding of race. Finally, this study was based on a sample that was not probabilistic and that was selected from a single metropolitan area.
However, overall, these results suggest that lack of health insurance may not be the primary barrier to optimal diagnostic resolution in minority women indicating the importance of determining what other factors serve as the primary barriers to accessing diagnostic care, as well as if these delays affect the final breast cancer outcome for these patients.
Andrulis 6 and Lillie-Blanton and Hoffman 7 have stressed the importance of eliminating financially-based differences in access to care in order to create equity in outcomes across socioeconomic status (SES) groups 6 and across racial/ethnic groups 7 . However, studies performed in other countries with universal coverage or populations with similar insurance have demonstrated persistent health care disparities by race and/or income indicating that insurance alone does not eliminate disparities. 8 The majority of our nation's 44 million uninsured are white, but minority groups are disproportionately affected by the lack of health insurance. 9 The uninsured rate for blacks is > 50% higher than for whites and the income gap between blacks and whites means that blacks are >3 times as likely as whites to live in poverty. Nearly 4 in 10 Latinos are uninsured even though the great majority of them are legal residents. 9 Several studies lend support to the present study's findings that race/ethnicity has a stronger effect or is equally important in terms of its influence on diagnostic delay than insurance status. 10 -14 This review focuses on breast cancer since the analysis of the present study was restricted to breast abnormalities, but some of the cited studies examined other cancers as well. Press et al. 10 found the median number of days to follow-up after an abnormal mammogram was greater for blacks (20 days) and Hispanics (21 days) compared with whites (14 days) in their study of 6722 women at a NYC medical center. These differences remained significant in a multivariable model controlling for insurance status among other relevant covariates. 10 A study of 28,237 incident cancers in Florida in 1994 found that uninsured breast cancer cases were more likely to be diagnosed at a late stage than patients with insurance, and blacks and Hispanics were more likely to be diagnosed with late stage breast cancer than whites leading the authors to conclude that race differences in diagnostic stage are not explained by insurance coverage. 11 When health plan status was held constant in a retrospective study of 476 white and 99 black women with newly diagnosed breast cancer from 2000-2004, blacks had a higher mortality rate (8.1%) and were diagnosed at later stages (OR=1.71, p=0.02) than whites (mortality rate 3.6%, p=0.06). 12 Holding insurance status constant in their study of 49,865 female Medicare recipients, Gorin et al. 13 also found that blacks compared to whites had a 1.39-fold odds (95% CI: 1.18, 1.63) of diagnostic delay >2 months and a 1.64-fold odds (95% CI: 1.40, 1.91) of treatment delay >1 month. 13 A study of 1659 women found to have breast cancer through their participation in the CDC's NBCCEDP program for uninsured women identified differences in median days from abnormal screening to diagnosis by race: whites = 29 days, blacks = 36 days, Hispanics = 38 days (p<0.0001). 14 However, one study found that race is no longer significantly associated with diagnostic delay after controlling for other factors including insurance status and SES. 15 This study examined 5719 Michigan women diagnosed with breast cancer with initial results indicating blacks had an increased risk of an unfavorable outcome than whites prior to performing the adjusted analysis. 15 In a study investigating whether race/ethnicity, education, age, health insurance, and family history of breast cancer influenced adherence to recommended followup on screening mammography, initial results indicated that non-white women in each of the other racial/ethnic groups were less likely to adhere to recommendation than were white women (p<0.05). 16 However, when these results were broken down for each racial group by age, education, insurance status, and family history of breast cancer, black un-/under-insured women were more likely to adhere to recommendation for follow-up after screening mammogram than white women (whites: 18.5%, RR=1.00; blacks: 29.1%, RR: 1.58 (95% CI: 1.16, 2.15)). 16 The results of the present study combined with the brief literature review above tend to support the finding that having insurance does not always improve diagnostic delays for minority women with breast cancer. Interventions are needed to reduce the disparities between blacks and whites. A qualitative study of low income, ethnically diverse women aged over 40 years identified salient themes differentiating women who receive timely follow-up from those who did not. 17 For women who delayed follow-up, prominent themes were dissatisfaction with result communication, disrespect on the part of providers and clinic staff, logistical barriers to access services, anxiety and fear about a possible cancer diagnosis, and lack of information about breast cancer screening and symptoms. Women who received timely care had themes showing appreciation of efforts by providers and clinic staff to support prompt follow-up, availability of social support facilitating appointment keeping, confidence in their ability to advocate for their health, and a high priority placed on self care. 17 Another study that interviewed cancer survivors to assess their opinions on diagnostic delays and reasons for these delays found that the economically challenged (p=0.001) and those with public/government assisted healthcare (p=0.05) were more likely to report diagnostic delays. 18 Waiting to seek medical attention after self detecting an abnormality was reported by 36% of breast cancer survivors and 34% of these indicated they waited because of fear of finding cancer. 18 Neither cancer type nor ethnicity was related to the number of days to diagnostic care but Latinas reported greater diagnostic delays compared with other groups. Mean number of days delayed was 113 for those who cited fear, compared with 39 days for those who did not cite fear. 18 The authors concluded that culturally and socioeconomically informed health education, cancer screening promotion, and medical care navigational services are needed for the delivery of comprehensive cancer care. 18 A pilot study done at a hospital in Atlanta examined whether or not the use of community lay health advocates (CLHA) in promoting follow-up for abnormal mammograms would reduce the delay experienced by black women. 19 CLHA support included encouragement of timely follow-up, appointment reminders, identification and removal of barriers to followup, and accompaniment to appointments. Women in the intervention group were significantly more likely than those not receiving the intervention to keep their appointments for first abnormal mammogram follow-up. In addition, the intervention group was significantly more likely to keep all their scheduled follow-up appointments and was significantly more likely to follow through with their biopsy or fine needle aspiration procedure than women in the non-intervention group. 19 Similarly, an evaluation of a patient navigator intervention among inner-city women with abnormalities referred to an urban hospital-based diagnostic breast health practice from January to June 2000 (n=314 preintervention) and November 2001 to February 2003 (n=1018 intervention) found that the intervention group had 78% more timely follow-up versus the preintervention group (64%; p<0.0001). 20 Timely follow-up in the adjusted model was associated with older age, having private insurance, having an abnormal mammogram, and being referred from a hospital-based practice. 20 This present study examined the effect that health insurance, one barrier to accessing health care, had on diagnostic time. As discussed above, privately insured NHBs had significantly shorter diagnostic times than uninsured NHBs. However, NHBs and Hispanics had significantly longer diagnostic times than NHWs with equivalent insurance. The clear implication of these data is that lack of health insurance is not the only barrier to accessing a timely diagnostic resolution among NHBs and Hispanics in DC.
This present study highlights the need for identifying other barriers to accessing health care for NHBs and Hispanics. Once these barriers are known, the medical community and others will be able to work toward reducing and eliminating them. Intervention studies will provide additional insight into these barriers.
The women in this present study form part of the control group for an intervention study, the DC Citywide Patient Navigation Research Program (DC PNRP). DC is one of nine PNRP sites across the nation funded by NCI/ACS to evaluate the effectiveness of patient navigation in reducing disparities in breast cancer outcomes between whites versus other ethnic groups. 4 The national PNRP study will also evaluate the influence of SES and insurance status among other potential barriers (e.g., transportation, co-pay, child-care, fear, medical mistrust, coping styles, and literacy) that could influence the delay in diagnosis and/or treatment. The national PNRP includes in its design the five principles for addressing disparities in cancer care: 1) recognizing disparities as a significant quality problem; 2) collecting relevant and reliable data; 3) stratifying performance measures by SES and race/ ethnicity; 4) adjusting population-wide performance measures for SES and race/ethnicity; and 5) evaluation of the relationships between both SES and race/ethnicity with morbidity. 21 The DC PNRP is specifically designed to reach out to the poor and underserved populations in DC. The results of the DC PNRP will provide insight into the causes of diagnosis and treatment delays among minority groups compared to NHWs. Average-geometric mean (95% CI)-diagnostic time (in days) stratified by race/ethnicity and type of insurance. Refer to Table 1 for the sample sizes corresponding to each bar. Stratified Kaplan-Meier (K-M) curves for diagnostic time (in days). (a) K-M curves for all women stratified by race/ethnicity. Refer to the column totals in Table 1 for the sample sizes corresponding to each K-M curve. (b) K-M curves for all women stratified by type of insurance. Refer to the row totals in Table 1 for the sample sizes corresponding to each K-M curve. (c) K-M curves for NHB women stratified by type of insurance. Refer to the Non-Hispanic Black column in Table 1 for the sample sizes corresponding to each K-M curve. 
